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Abstract  

SoierGlac呈er，locatdintheNoぬernPatagonia‡cefieid－isatemperateナOutまetgまac主er，Wboseeieva血nra喝eS  
鉦omabouも350mneartbesnotlとtoover3000mnearMt．HyadesⅥr眈atotalareaof弧9km2．Tbeaccumuiat言on  
andabiationareasⅥ7eremeaSuredtobe3鼠4km2and14．5km2，reSpeCt宣vely．Oftbeaccumulationarea，28km20r  
77鱒rCentiiesintbeicefie隠whi呈etheremaiIlderliesonぬes仇ItheasもernsまopeofMt．Hyades．   
StructureandmorphoIogyoftheglaciersurfaceweremappedandanalyzedutilizingverticalaerialphoto－  

graphsofaboutユ：5，300scale．Twodistir重Ctiveicebodiesareevi（まe11t；ぬedebriscoverednort王IernあaほaIldthe  
Cieansouthernbaif，Ⅵ屯icbarereiatedtotbestlpplysolユrCeS，tbeMt．Hyadesslopeandtbeice舅eld，reSpeCtively．  
Withcloseanalysesofphotographs，SeVenSeparateabiatiorlicebodieswererecognizedbeiowtheicefallsandrock  
Cliffs．Ofthesetwocome蝕■Omtheicefieldthro噸hanicefailabout700mh主ghandavaianc壬血g，Whiiefiveare  
nouriミあedbytbeMt．Hyadesslopetbrouさか主ceねi王sandavala‡lChi喝．   

Fivesetsofogivepatter‡1SCanberec咽n主zedont‡legiac主ersuぬce－壬n軌ecenterofももegiac言er，32pairsof  
Wわiteanddarkban由wereident瀬iedinadistanceof5．5km，yieldi喝anaVeragea‡lれual幻0ⅥrSpeedof170m．From  
theo宮ivespacings，舅owspee∂sofabotitlOOm／aneartもesnoutand300m／abeiowtberockcまiだswerededlユCed．  
Thecrevassepatternsindicatethatthemajorityhavebeencausedbythefrictionofvalleywalls，Oftencombined  
Witbeitbercompressiorlaiorextendingf！0軋   
In摘royearsbetweenユ983a11d1985，tbegiacierslirfacehas呈0Ⅵ㌢eredbyciosetolOmin汰eiowerreacharea  

Of血egまacier．  

1．lntroduction  

Preliminary a‡ia王yses of也e sもrtまCture and mor－  
phoIogy of Soler Glacier（Aniya and Naruse，1985）  
enabiedust｛）directsp∝ia呈a沈entionto unide王lと主fied  
絶atures dl汀ing the field season of】、985－86．A卵れ  
utiii三重ngtbeeniarged6×6ぬmatver七重caiaerialphoto－  
grapbsatascaleofaboutl：5，300（Aniya，1987a）バbe  
glacierstlrfacewasmappedincorporatingfielddata，  
andcompare（ミwith tbatproduced紬O yearS agOin  
Orくヨer to detect血e charlgeSⅥ㌢bich o（：Cl汀redirltWO  
years．Newdata oれtileboumdaries oft主IeaCCumtユia－  
tionareaintheicefieldhavebecomeavaiiablesince，  
andthesemadeitpo∬ibletodi∝u部theaccumulation  
andab王ation areasirl（まetail．  

2．Ablation and accumulation areas  

Soler Gまacier主s a temperate†Val里ey giacierio・  
Catedontheeastern sideofthe Northern Patagonia 
Icefieid（seeMap2，払idedin），Si王ュCeabout5（）per（：ent  
Ofthe重ce，iritermSOfthesurねcearea，COmeSfromtbe  
icefie重dthrougbanicefaまいぬeglaciercanberegarded  
asan otltletg王ac主er．Tberemaillderissupplied打8m  
thesoutheasternslopeofMt．Hyades（3078m）through  
icefallsandavalan（：hing．  

Detailed analyses oノぎt‡le Ve托icaiaeria】p王10tO一  
酢aphs enabまed us to主denとify sevenindividualice  
bodiesbelowtheicefaiisandrockciiffsill軌eab重at主om  
area：tWOOr雇naもefromもbeice鮎id；and員vecome  
fT■川111htlMt＿11）radt）SSIorx†tFig．1）＿ThビjcL！fronlthe  
icef主eldspi11sinもOtbeva王1ey軌roughaniceね11abol止  
700mもig‡1沌owev町，attbelowerparも（eまev．肱1088   
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Fig．1．Photograph sllOwingthe sevensources for仇e ablation bodies：the southr  
easternslopeofMt．Hyades（Bl－5）andabigicefal11eadingtotheicefield（Al2）．  

mweredeterminedby thetriangtllation  Heightsofpeaks，3078m，2901mand2912  
surveybyNaruseinNovember1985．  

m）ofthe soutbernside，rOCk cliffs areexposed and  
avalanchinglSVeryaCtive．Fromthisavalanchefan  
starts the distinctiveice body A－2，althoughit be－  
comes obscure after flowing aboutlkm．Fiveice  
bodies，COmlng from the southeastern slope of Mt，  
Ryades，arenOurishedthroughicefa王1sくB－2，Bm3and  
B4ラandavalanc壬Iing（B－1，Bm4andB－5）▼Icebodies8  
1，B2，and B－3，mergeinto one aroundthemiddle  
reachoftheglacier（Fig．2）．  

Althoughthedrainageboundaries of Soler Gla・  
cierin theicefield were estimatedin the previou岳  
repor仁育omaerialpboと0詳・aphsandtIlemap（Aniya  
andNaruse，1985），SOmemOdificationbecameneces－  
Sary after a ground survcy was carried out with  
altimeterreadings（Casassa，1987）．Figure2showsthe  
COmpletedraiIlageareaOfSolerGlacierbasedonthe  
SurVeydata，alongwithcontoursat250mintervals．  
TliepreSelヽtSnOutliesatanelevatioiiOfarotlnd350m，  
Whilethehighestpointisover3000m，Withanareaof  

50．9km2－Ånextensiveacctlmlllationareaspreadsout  
arolユnd the elevations of16002（）00min theicefield．  
Drainageareascorrespondingtoeachjcebodyofthe  
ablationareaweredeterminedonthel：50，000topo－  
graphicmapwiththeaidofphotographs（seeFig．2）．  
Then an elevation of1350mマどaS adopとed as arl  
equilibriumlineiCasassa，1987）andtheaccⅥmuiation  
andablationareasweremeasured（Tablel）．Thetotal  
accumulationareais36Akm2，Ofwhichabout28km2  
0r77percentliesin theicefield，While the ablation  
areais14．5km2．Therelativelyflatpart oftheabla－  
tionarea，belowとbeelevationof750】850m，isab（）ut  
ll．7km2．   
In order to examine the characteristics of the  

glacierprofile，ahyposographiccurvewasdrawn（Fig．  
3）．Irlthisgraph，the square root of the cumulative  
areawasplottedasthcabsissaandthecorresponding  
elevatiorlaS払eordirlate．T壬Ierefore，itsわ0VSabypo－  
thetical，idealoraverageprofileoftheglacierdrainh   
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Fig．2．Soler Glacierdrainagearea．Mapbased onthel：50，000topographicmap’！CerTO Hyades”published byInstittltO  
Geogr畠ficoMilitarofChile．BoundaryandelevationsintheicefieldweredeterminedbyGinoCasassainNovember－December  
1985，fromwhichdashedcontourlinesweredrawn．  

Tablel．Soler Glacier Area Statistics  

Åb！atiorl Ratio  
Area（km2）  

Ice Body  ÅcclmⅥiation  
Area（km芝）  
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Fig，3．Hypsographic curve of Soler Glacier drainage area，  
Showinganaveragedprofile．   
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agearea・Onthisfiguretheflatpartoftheablation  
area，Steepicefa11s and rわCk cliffs，relatively flat  
icefield arld steep slope of Mt．Hyades are clearly  
shown．Incidentally，the top elevation of rock cliffs  
and thelき－2and壬ヨ4iceね1isliearound1350m，tbe  
sameastheequilibriumelevation．  

（4）助か喝血海上由緒傲  
SupraglacialstreamsarenumerotlS，particularly  

OnthenorthernpartoftheA－1body，Wherecrevasses  
arelesswelldeveloped．Alongtheborderbetweenthe  
A－1and Bw5bodies，nearthemiddleoftheglacier，  
deeply－incisedsupraglacialstreamsystemswithlarge  
moulinsarewelldeveloped．Mouli‡1Sareparticularly  
abundantncarthemiddlepartoftheB山5bodyandthe  
lowerpart（aroundA2）oftheA【1body．  
（5）克g－α粕ブ秋川め購  

The southern margin of the glacier is almost 
continuo11Sly rimmed byice－COredlateralmoraines，  
whoseheightabovetheiceedgeisupto40m．Onthら  
other halld，tb野develof把d poorly on tbe northern  
marginoftheglacier．About150川200mfromthesnout  
in tbe debris－COVered area，a beltく）fice－COred mo－  
rainesabout800mlong，almostparalleltotheglacier  
snout，hasappearedsince1983－84．Theirheightsrange  
fromfewmetersto around2（）meters．Atpresent，18  
moundsandridgesarerecognizcd．Theyarecovered  
mainlybycoarsesandofwell－rOuridednature，witha  
thickness of aroundlO叫20 cm．Their formationis  
discu欝edelsewhereくAniya，1987b）－  
（6）C7ぞ〃α∬g5  

CrevassesareⅥ7elldistribtltedoveraimost al王of  
the glacier surface；however，eXCept for few areas，  
theyarenohindrancetowalking．Alongthenorthern  
marginofthegiacierattheupperthirdoftheB－1and  
B2bodiesarewelldevelopedcrevassepatternswhich  
runup－glaciertowardtIlemiddle，indicatingapattern  
CauSedby shear stressexerted by valley walls only  
（Nye，1952）．TIlispatterncanalsoberecognizedonthe  
A1bodyaroundthesouthwestofpointsA6andA7．  
A crevasse pattern produced by shear stress and  
COmpreSSionalfiow，Whosepatternisslightlyconvex  
downward，CanberecognizedontheAwlbody，from  
洩emiddlepartdown－glaciertotheareasoutbofpoint  
A2．AroundpointsA7，A6，andG4，adivergingpattern  
OfcrevassesfromtheboundarybeかⅣeentheÅ柵7and  
B5bodiesis conspicuous，BelowicefallB一－4 and  
avalanchefan B－5，and onthe A－2body，are a feⅥr  
largecrevassesrunningclosetoperpendiculartothe  
flowdirection，indicatingthatthese werecaused by  
Shear stress and extending flow．They arelocated  
Wherethesurfaceslopebecomessteeper．Longituidnal  
CreVaSSeS are Charaeteristie near the snol止 area，  
particularlyinthesouthernhalf，Oftenformingseracs．  
Thesecrevassesaretbougbttobereiicsofo王d ones  
formedinthe upper region and subsequently，Wal1s  
Wereme】tedouttoformseracs．Water－filledcrevasses   

3．Surface features  

l＝ ／）（－かふr、りJ・．・J・√川（／川tざ（／んJ／〃〃明れ甘  
The structure and morphology of the glacier  

surface were mapped using enlarged vertical aerial 
photographs（Fig＿4）．Astrikingfeatureofthesurface  
is a contrast betweenthecleansouthernhalfandthe  
debris－COVerednortherllhalfoftheglacier，WbicIlis  
related to the supply sour’CeS．While the cleanice  
COmeS from theicefieldwithotlt COllecting detritlユS，  
thoseice bodies fed by avalanching from the Mt．  
Hyadesslopecontain alarge amount ofrock frag－  
ments．AlthoughcomingfromtheMt．Hyadesslope，  
theB2bodyisrelativelyclean，becauseitissupplied  
t壬汀Oughanicefail．Ontbeotherband，theB【4bodyis  
notcleaneventhoughthesupplyisthroughanicefall．  
Field observationsindicate that avalanchingin the  
icefallis also ver’y aCtive，involving alot of rock  
debris．TheB－3bodyhasawideexposureofrocks，  
resuiting主nalargesuppiyofdebris，Whichbecomesa  
medialmorainestandingoutduetoinsulationeffect  
arldsq11eeZingbyicebodieso11botbsides．  
（2）（なブがβ∫  

Ogives carlbe easily recognized o11洩e photo－  
graphs，althoughitwasverydifficultorimpossibleto  
locatesomeoftheminthefield．Detailsofthefeature  
willbediscussedlater．  
（3）友e椚β〟乃（太   

Ice moundslocated on the】∋】5body near払e  
middleandlowcrpartsoftheglacierstandoutmore  
tbanlO m from the sti汀Ounding surねce．They are  
denselycovered by angularrock fragments so that  
theicesurfaceisbarelyvisible．Thelongaxisofthese  
rocksisgeneraliylessthanlOcm；however，thereare  
OCCaSionallybigboulder・SeXCeedingonemeter，Conse，  
qlユently，it appearsthattheseice moundshave becn  
producedbytheinsulationeffectofrockcover．These  
rockfragmentswereprobablysuppliedfromtheB－5  
rock cliff by big rock avalanches，Which occurred  
SeVeraltens of years ago，ir鹿rred from tbe ogive  
patterns．  
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て㌣ニ繋ご、こミこ  顎．一  Surfqce S†ruc†ure qnd Morphology  
SoIer GJqcier  

Mqpped from1986 Pho†ogrophs  

1羊‘‡ミ  ‾－モ‾j≡．＿  

、、ミ＿ご三㌻  
、 モミ・－  

Fig・4・Str11CtureandIⅥOrpbologyofSo】eTGlacierslirface，mappedぎromvert主calaeriaiphoto訂apIIStakeT10nJarluary7，1986．  
β，FO，T2、A2，A3，G4，Å5，A6，A7，a11dR8arefieidstatio11S．   
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a（：tive．Adark ogivebandistho11ght to represent a  
mass ofice which has passed through anicefallor  
avalanchedoveracliffduringasummerseason（King  
and Lewis，1961）．Therefore，a pair ofwhite（winter  
ice）anddark（summerice）0givebandsisformcdeach  
yearattheicefall，andthewidthsofthebandsindicate  
thc amount ofannualflow．As aresult，the distance  
betweentwosucce？iveogivescanbetakenasequiv－  
alenttothedistanceicemovedinayearatthatpoint  
inastabieglacier（Paterson，1981）．Thefirstbandon  
血eB005t〉Odyappearsaroundapointl．6kmfromt‡1e  
baseoftbeB－5rockcliff，andinadistariCeOf5．5km  
towardthesnout，32tracesofthewhitebandcanbe  
identified．Although Soler Glacier has tbinned con－  
siderablyinthelasttwoyears，anapprOXimateannual  
averageflowvelocityofabout170mcouldbecom－  
puted．  

Thespacingsofthepairedwhiteanddarkbands  
were measured，and moving averages of the three  
points were taken and plotted against the distance 
from the snout（Fig．5）．There are two prominent  
peaksaro11nd2．8kmand4．8kmpoi－－tSWberetわeflow  
velocityisfastertbaninlleigbboringareas，prObably  
indicatinganarea ofextendingfioⅥr．ぎloⅥrVelocity  
rangesfromless血anlOOm／anearぬesnouttomore  

arerelatively numerous，and some deep ones，up tO  
about30m，aredistributedinthemarginaiareatothe  
SOuthwestofpointA3．  

There are features whichlook similar to cre－  
vasses at first sight，but are different，in the areas  
southwestofpointA7andonthenorthernmarginof  
theB¶1body．Wecallthese”groove”here．Theyrun  
almostparalleltoeachotherandtypicallycutthrough  
crevassesatanangleofabout60degrees・They are  
broadandULShapedincross－SeCtion；largeonesarelO  
－15mdeepandabolユと20mwideatthetop・Waterdoes  
not恥walollgtIlegrOOVe幻00r，becatlSeCreVaS蛍SC11t  
across，makingtilefloorjaggedaloT一宮theleng紘一Wise  
direction．Theoriginofthesegroovesisuncertainat  
present．  

4．Ogives andfLow ve10City  

Close examination of verticalphotographs re－  
vealedfivesetsofogivesontheAwl，B－1，B2，B4，  
andB－5bodies－Distinct主vewhiteba11dsoftbeogive  
ontbe B－5body are particulariy conspicuolユS along  
tbecenterpartof払egiacier．Ogivesareusuallyfound  
betowicefailsandcliffsonwhichavalanchingisvery  

Fig．5．0givespacingson1986photographplottedagaiilStthedistancefromthesnout・The  
distancesicemourldsmovedandthefielddataaresuperimposed．   
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than300m／abelowtheicefal1sandrockcliffs．These  
figuresind言catevelocitiesattheborderbetweentheB  
－5andÅmlbodies，Wheretbevelocityissligbtlyまess  
thanth亡Im；l＼imum at theL：enterOfthe A－1bod）：．  
ByslユperlmpOSillgFig．40ntOFig．20ftheprev－  

iousreport（AniyaandNaruse，1985），theamountthe  
twoicemoundsmovedintwoyearswasmea＄uredto  
be240mand300mfortheupperandlowermounds  
respectively．ThesedatawerealsoplottedonFig．5，  
andtheyagrceverywellwiththeogivespacings；thus  
provingthevalidityoftakingtheogivespacingstobe  
the mean annualflow velocity．The field－meaSured  
flowvelocitydatawerealsoplotted（A2，A3，G4，A5，  
A7，a王1dR8），aftermlユ1tiplyingtbedailyaverage幻ow  
Veloc呈tyby365．Theyaregenerallysma11ertbanぬ0紀  
deducedfrom也eogivespacings。Thewavypatternof  
Veiocitiesiswellsynchronizedwiththatoftheo酢Ve  
spacing，implyingthatthelow－Valuesprobablyresult  
fromtheobservationtime，thatisfromlateOctoberto  
early November，Itisjust the beginning ofsummer  
and the amount of basalslip，Which would greatly  
contributetotheflow（Elliston，1962；Naruse，1987），  
wasstillsmall．  

5．Surfaceloweringbetween1983and1985  

Tbe giacier slユrface，partic11iariyin tbe snout  
area，WaSfoundto haveloweredsubstantially since  
1983．Theheightofthenewly－formedbeltoftheice－  
COred morainesindicates the generalamount of the  
Surfaceloweringintwoyears．Repeatedsurveysfrom  
the same ground station with a theodolite of thc  
glacier surface along the center line between point 
near T2and G4（see Fig．4forlocation）yielded a  
Surfaceloweringofabout7mtocloseto15m（Fig▲6）．  
OntIleaVerage，tbesurねceelevatioIlhasloweredby  
9．9m壬n23mo‡ltIIS，givinganaveragerate（）f5，2m／a．  
Thisis considerably faster t壬Ian tbe rate ofl－2m  
deducedfortheperiodbetween1944and1984（Aniya  
andEnomoto，1986）．  

6．Summary andconclusion  

The struCture and morphology of Soler Glacier  
Wereanalyzedfromfieldworkandaerialphoto－inter－  
pretation．Sevenindividualicebodieswererecognized  

Fig．6．Loveri11gOft王Ieglac；ers11rface主n知oyears・Measuredfromstatio‡1β・   
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fromtheogivepatterns－Thesurfacefeatureswhich  
were described and analyzedincluded debris cover，  
mediaま moraine，OglVeS，ice mo11nds，S11praglacial  
strea汀1S，ice－COredmorainesa‡ldcrevasses．  

An average flow velocity of the glacier was  
deduced from ogive spacings to be170m／a．The  
repeated survey of the surface elevation near the  
snoutindicates払attbesurfacebasl（〉Weredbyabo11t  
lOmintwoyearsfrom1983to1985．  

delCe汀O Hyades，COnun畠reatotalde50，9km2．La  
Figuralmuestrala falda surorientaldelCerro  
HyadesyunsaltodehieloqtieCOndlユCeaまcampode  
hielo．EnlaFig．2semuestrael象readedrenajedel  
glaciar y curvas de nivelaintervalos de250m．  
Bas畠ndose eneste mapa una curva hipsogr畠fica fue  
dibujada，querepreSentatlnperfilpromediodel畠rea  
de drenajeくFig．3）．Los valores medidos paralas  
slエperficiesdeacumulaci6nyalbaci6nfueronde36，4  
km2y14，5km2，reSpeCtivamente（Tablal），De este  
totai，28km20un77％pertenecealcampode‡lielo  
mientrasqlユeelrestoformapaれedelaね1dasurorien－  
taldelCerroHyades．  
Semape6laestructuraymorfolog富adelastlper－  

fieieglaciar（FigL丑Iaeualftleanalizada utilizando  
fotograf吉as aむeas verticales a escalalニ5．300．Se  
distin飢1enClaramentedoscuerposdehielo；lamitad  
nortecubiertapordetritosylamitadsurconstituida  
por‡lielolimpio．Ambasest孟nreまacionadascon stlS  
respectivas 丸Iente＄de alimentaci蝕：1a falda del  
CerroHyadesyelcampodehielo．Mediante11nan畠1i・  
Sisdetaliadodeiasfotograffassietecuerposdehieio  
Separadosねero†ldistinguidosenel孟readeablaci6n  
pordebajodelossaltosdebieloyねrellones．Dosde  
ellosseoriginanenelcampodehielo，Siendoalimen－  
tadosatrav否sdeunsaitodebieIode7（）Omdeaitocon  
たectlenteS aValanc‡laS，mientras quelos otros cinco  
SOn alimentados porla falda delCerro Hyades a  
trav6sdesaltosdehieloyavalanchas．  
Endos a餌StranSCurridos entre1983y1985，la  

slユperficiedelglaciar王Iadescendi血cercadelOmen  
lazonainねriordelglaciar（Fig．5）．  

Sobrelasuperficiedeiglaciarcincogruposcon  
diferente dise桑O de ojivas pueden ser disti‡1guidos，  
Treintaydosparesdebandasblancasy†legraSfueron  
identificadosenunadistanciade5，5kmeneicentro  
delglaciar，reSuItando en una velocidad promedio  
aIlualde170m．Åpartir delas separac主ones e王1tre  
ojivas（Fig．6），Sededujo una velocidad delOO m／a  
cercadelfrentey300m／adebajodelosfarellonesde  
roca．Losdise缶osdegrietasindicanquelamayoriade  
eilas se払rmaron porたicci6n corllas paredes deI  
va11e，amenudocombinadoconel恥joglaciar，yaSea  
COmpreSivooextensivo．   
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Resumen  

Caracteristicas estructurales y morfo16gicas del  
Glaciar S0ler，Patagonia  

EiGiaciarSoier，ubicadoenelHieloPatag6nico  
Norte，eS11n glaciar de desagtie temperado，que  
alcanza alturasdem畠sde3．000mcercadelacumbre  


